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Katheppoii cuctem KommyTauuu u pacnpeaenenus uihopma-
uyun Caunxr-lleTep6yprckoro rocyfapcTBEHHOro yHUBepcuTe-
Ta TeNeKOMMyHuKaunii um. npoth. M.A. bony-bpyeBuya no
3aka3y MockoBCKOi ropoackoi Tened)oHHOW CeTH 6biNa Bbl-
NOJIHEHA HaY4YHO-UCCNEeA0BaTeNbCKas pa6oTa, Lesb KOTOpoil

Kak ckopoCTb OBMXEHUSA ackagpbl
onpenensieTcs CKOpPOCTbID CaMoro
TUXOXOAHOro cyaHa, Tak M BO3MOX-
HOCTb Pas3BUTUA TOPOACKUX Tene-
dOHHBIX ceTell B psae POCCUNCKUX
ropogos (Meranosucbl — caMmbii
CJ/IOXHbBIW cry4yan) B HanpaBfieHUn
NGN/IMS onpepensieTcs Hanuinem
B MX COCTaBe aBTOMAaTUYECKUX Te-
NedOHHbIX CTaHUUA MpeabIayLmx
nokofieHn. 3a4acTylo 9TU CTaH-
UMM 9BNSIIOTCH  KOOPAUHATHbLIMU.
OHM orpaHn4ymBaldT BO3MOXHOCTU
no NpPeaocTaB/IEHNIO COBPEMEHHbIX
YCNyr 351eKTpocBsaA3n n addekTuB-
HOWN TexHuyeckow akcnnyartauun. C
OPYrol CTOPOHbI, CPaBHUTEJIbHbIE
OLEHKM (PUHAHCOBLIX 3aTpar Ha
pasHble BapuaHTbl 3aMeHbl 1/nnun
PEKOHCTPYKLMUN OCTaBLUNXCH B 9KC-
nayataumy KBasWU3NEKTPOHHbIX U
3/IeKTPOMEXAHNYECKUX cTaHuumn
nokasanu Hanuyne HeTpuBmnab-
HbIX M TMPakKTUYECKN WHTEPECHbIX

BapuaHTOB MoOAepHU3auum Te-
JIEKOMMYHUKALIMOHHON  CUCTEMBbI
B LIEJIOM.

B Hepanekom npoLwsiomMm BO MHO-
rMX pasBUTbIX CTpaHax KoOopAuHaT-
Hble N KBa3nanekTpoHHble ATC co-
BepLUEHCTBOBaNMUChb hakTnyeckn oo
MOMEHTa ux GU3NYEecKoro maHoca.
B cerogHsAwHMX xe ycnoBusix ¢ak-
TOP CKOPOCTU CTAHOBUTCS Bce 6onee
3HaYMMbIM. [loaToMy 0COHEHHOCTb
HacToawen HWP cocTtosna B TOM,
4TOObl HaNTU Takoh 3DPEKTUBHLIN
N BbICTPLIA cNOCco6 PEKOHCTPYKLMN
KoopauHaTHblx ATC, KOTOpbIin obec-
NeYmMT BO3MOXHOCTb WX WCMOJNIb30-
BaHWs B ycroBusax nepexoga k NGN ¢
HOBbIMW UHPOKOMMYHUKALLMOHHBIMUA
ycnyramu Ha 6ase IMS. lanee Takom
noaxop 6ynem HasbiBaTtb NGN/IMS.
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dakTOpbl BpeMeHN 1 pasyMHOM
3KOHOMUYECKON 3pDEKTUBHOCTU NPU
MoCTaHOBKE 3aja4un NMpuUBENU K OT-
Ka3y OT MPOCTOro pelleHus, “ne-
xauiero Ha mnoepxHocTu”. Jeno
B TOM, 4TO nepepn oneparopamwu
Tened®OHHON CBA3U CTOUT 3ajaya,
koTopas chopmynupoBaHa B lNpwu-
kaze MuHucCTEpcTBa CBA3U U Mac-
COBbIX KOMMYHUKaLUnn Poccuinckon
depepaumm N2 142 ot 17 HOabps
2006 r. Peyb ngert o nepexone Ha
HOBbI MAaH HymepaLuu.

Ina aTon uenu gaBHo nNpeanara-
NI0Cb pelleHune no 3amMmeHe peruct-
poB. OgHaKko OHO He NO3BONSET Op-
raHm3oBaTb GYHKLWMOHUPOBAHUE B
coctaBe cetn NGN/IMS. [a v uH-
BECTULUM B 3aMEHY TOJIbKO PErncT-
POB HUKAK HENb3a cUUTaTb LENeco-
obpasHbiMU. [loaToMy nopobHble
nyTM MOLEPHU3ALUN KOOPAMHAT-
Hbix ATC Oblnn Npu3HaHbl Hernepc-
NeKTUBHbIMKU. ManoadPekTUBHbLIM
0OKasaJsics BapuaHT YCTaHOBKM KPymM-
HbIX UMdpoBLIX ATC, B KOTOpblE BCE
3Kcrlyatupyemble  KOOpPAMHATHbIE
CTaHUMM BKJOYannchb 6bl Ha NpaBax
BbIHOCHbBIX MOAYJNEN — KOHLEHTpa-
TOPOB.

CnepoBaTesbHO, Heobxoamo
HanTN BapwvaHT, HanpaBfiEHHbIA Ha
pelleHne komnaekca 3agay u ad-
GEKTUBHBIM C TOYKM 3PEHUSA Mepc-
NEKTUBHOIO pPa3BUTUS TeENIEeKOMMY-
HUKALMOHHOW CUCTEMBI Kak e aUHOro
opraHusma. B pesynbrate aHanusa
MHOX€ECTBa BO3MOXHbIX CLieHapueB
6bl1 BbiOpaH BapuaHT, OCHOBaHHbIN
Ha GOPCUPOBAHHOM MNEpPexone K KOH-
uenumn NGN/IMS 1 BO3MOXHOCTMU
npenocTaB/€HUSA caMbiX COBPEMEH-
HbIX YCNyT 9NeKTPOCBA3U B Bamxai-
Lee BpeMs.

COCTOSNA B BbIOOPE MyTH PEKOHCTPYKUMM FOPOACKMX Tene-
thonubix ceteii. Pesynbrartbl aToin HUP oka3anuch HacTonb-
KO MHTEPECHbIMM N B KAKOW-TO CTENEHN HEOXXUAAHHBIMU, 4TO
aBTOpaM NOKAa3anoch Lenecoo6pasHbiM NOAENUTLCA UMM C
yuTaTensaimmn XypHana “BecTHuK cBA3N”.

Meauartop nnaHa Hymepayum

Mpyn MopepHU3aUMN aneKkTpoMexaHu-
yeckux ATC xenatenbHO MUHUMWU3U-
poBaTb 3aTpaTbl HA U3BMEHEHUS B Ce-
Tax goctyna. K coxaneHuto, ans 4actu
aBOHEHTCKUX JIMHWUIA B TOPOACKMX
TeNe@dOHHbIX CETSIX POCCUNCKUX Me-
rarnoJincoB €eLLe UCMONb3yeTcs cxema
cnapeHHoro Bkno4deHus [1]. MNMpokna-
OblBaTb €& HOBble MHOrOMapHbIe Ka-
6env ¢ MegHbIMU MPOBOAHUKAMMN ANS
NNKBNAALMN CXEM CNAPEHHOIO BKIIO-
YeHUSs, C Y4ETOM YXE Ha4yMHaloLLEero-
CSl CErofHs NPUMEHEHUS OMTUHECKMX
BOJIOKOH B CETSIX JOCTYMa, HEPA3yMHO.
PasyMHO coxpaHsaTb HEKOTOpPOE Bpe-
M$1 criapeHHoe BKJTKYEeHMe 00 NpoBe-
NEeHUs paankanbHON MOAepHU3aLmm
ceTun goctyna.

OTO 0O3HayaeT, 4To MNpu Moaep-
HM3auun koopauHaTtHbix ATC xena-
TeNbHO COXPaHUTb OCHOBHOE 0060-
pygoBaHue, obpasyioliee CTyneHb
aboHeHTCKOro nckaHusi. 3to obopy-
[OBaHNEe HarpyxXeHo CylIeCTBEHHO
MEHbLLE, 4eM rpynnosoe. Pecypchl
rpynnoBoro o60opyLoBaHus Ha MHO-
rMx KoopauHaTHbix ATC 6amM3ku K
dusmnyeckomy n3Hocy. AGoHeHTcKas
CTyMeHb, Kak MpaBuiio, MOXeT Mpo-
[oKaTb 3KchyaTtupoBaTbes. 3JT0
03HayaeT, 4YTO Npu 3ameHe rpynno-
BOro 0060pyaoBaHUS CPOK CHyXObl
pekoHcTpyupyemon ATC Bo3pacTer.
Mo HaWMM oL EeHKaM, MOXHO YBEpPEH-
HO rOBOPUTbL O 3anace BPeMEHU B fe-
CATb NET, YTO NpeacTaBngeTcs BNon-
HEe OO0CTaTO4YHbIM CPOKOM ANS TOro,
4YTOObI MOHATH, HA YTO HA CaMOM Aene
cnepyet 3ameHaTb atn ATC, n ocy-
LLLECTBUTb 3Ty 3aMEHY.

OcHoBHaga uaesa, npepgnaraemas
0N PEKOHCTPYKLUUM  KoopauHart-
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Hbix ATC, nokasaHa Ha pucyHke [2].
HazBanne 6Onoka MIH (memnatop
njaaHa Hymepaumm) BelbpaHo Mo Tow
MpUYMHE, YTO BbIMOSIHEHNE BCEX Tpe-
6oBaHW ynoMsiHyTOro Bhille MNMpuka-
3a N2 142 o0 BBeAEHMM HOBOIO NMnaHa
HymMepauum paccmaTpuBasiocb Kak
nepeooyepenHas (HO OTHKAb He
e[0VHCTBeHHas) 3apada. Boamox-
Hoct MIIH no3BonsiOT MpoBecTu
paanKanbHyl0 PEKOHCTPYKLMIO KOOP-
OnHaTHbIX ATC.

CrpykTypa koopaunatHoi ATC
nocne ee MofepHU3aLNK

B BepxHeW 4yacTu pucyHka wuaobpa-
XeH dparmMeHT TenedoHHOW ceTu,
COCTOSILLMIA N3 TPEX paroHHbIX ATC,
CBSI3aHHbIX MexAay co60i MO MPUH-
umny “kaxnnas ¢ Kaxmnon”, a Takxe
ya3nos ucxoasuiero (YUC) un Bxoas-
wero (YBC) coobuieHni. MNMy4vku co-
eVHNTENbHbIX JINHWUIA, KOTOPbIE CBSA-
3bIBatloT BTOPYto 1 TpeTbio ATC ¢ YUC
1 YBC, ans ynpolleHns Moaenu He
rnokasaHbl. B HMXHeN yacTu pucyHka
nokasaH oparMeHT CTPYKTYPbl CETH,
KoTopbl OpMUPYETCH B MNpoLiecce
peanusaumn npepnaraembix petle-
Hun. O6o3HavYeHne “pek” B ckobOkax
nocne HaseaHua “ATC1” nogyepkusa-
eT ToT PakT, 410 AaHHaa ATC pekoH-
CTpympoBaHa. Ee cBs3b C 0CTanbHOM
4acTblo ceTn ocyLlecTensieTcs no SIP
nop ynpasnedvem IMS-appa.
Kaxayio peKkoHCTPYyMpPOBaHHYIO
anekTpomexaHuyeckyto ATC MOXHO
paccMaTpmBatb Kak COBOKYMHOCTb
ABYX OCHOBHbIX 3nemeHTOoB. NepBbin
3/IeMEHT — abOHEeHTCcKas CTYrMEeHb.
B Hee BkJo4YeHbl aBOHEHTCKMe fun-
HUM 6e3 Kakmx-nMbo M3MEHEHUN B
akcnayaTupyemom cetu gocTyna.
Btopoin anemeHT, HasdBaHHbI MIH,
BbIMOJIHAET BCe DYHKLUUM CTEMNEHEN
rpynmnoBON CTyreHu, a Takxe ¢dop-
MupyeT Ha Bbixoge ATC ctaHoapTHble
TpakTbl Gigabit Ethernet. OHun Bkto-
yatotca B NGN-cerMeHT cetu nop,
ynpaeneHvemMm IMS-anpa B cocTtaBe
['TC. O6MeH curHanamm yripaBneHus
1 B3aNMOOENCTBUS OCYLLIECTBASETCS
no npotokony SIP [3].
AnnapaTtHO-NporpamMmMHble CpeacT-
Ba MIH BbIMNONHAIOT BCce HeEOHXO-
AnmMble OYHKUMKM ONs nepexoga Ha
HOBbI MnaH Hymepauun. [Npuyem
nocse 3aBepillieHus MoHTaxa obopy-
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noBaHna MIMH MoXHO ncnonb3oBaTtb
JENCTBYIOWMI nJjlaH Hymepauuu, a
nepexop, Ha HOBLI OCYLLECTBASET-
Cs OJHOMOMEHTHO, MNPOrpamMmHo,
ONCTaHUMOHHO M He TpebyeT npo-
BEOEHUSA [OOMNOJIHUTESNbHbLIX pPaboT
c obopynosaHnem ATC. Takum 06-
pa3oM, HOBbI NAaH HyMepauun
MOXeT ObiTb BBEleH Ha BCEX KOM-
MYTALMOHHbIX CTaHUMAX MECTHON
TenedOHHON CceTn Cpasy 1 NpaxkTu-
YECKWN MFHOBEHHO.

[locToMHCTBA M HE1OCTATKM
npepnaraemoro pellieHus

OCHOBHbIE [OCTOMHCTBA paccMmaTpu-
BAaeEMOro BapuaHTa PEKOHCTPYKLUKN
KoopanHaTHbix ATC MOXHO CBECTU K
NBYM BaXXHbiM nojioxeHnam. KoHeu-
HO, ONS KaX[0WN KOHKPETHOW ceTu
TenedoHHON CBA3M 3TU MOMOXEHUS
MOTryT BapbUpoBaTbCS.

MNepBoe nonoxeHue (Bpems) —
ObICTPOE N COBPEMEHHOE pEeLLEHne
3apa4, 06ycnoBneHHbIX Kak He0OX0-
OMMOCTbIO Nepexoaa Ha HOBbINM MaaH
HyMepaLuu, Tak 1 LuenecoobpasHo-
CTbIO Pa3BUTUS BCEN TENEKOMMYHU-
KaAUWMOHHOW CUCTEMBI.

BbicTpoTa ob6ecrneynBaeTcsa He-
60MbLIUM 06BEMOM Tex paboT, KOTO-
pble cnenyeTt NpoBECTU Ha aKcrya-
TUpyeMbIx KoopamHaTHbIx ATC.

COBpPEMEHHOCTL  06BbACHAETCS
TEM, 4YTO, MUHYsS a3y nepexona
K TEeXHONOrMKu KOMMYTaLuWM KaHa-
nos B undpposon dopme, aHaNoOro-
Bbie ATC HaumHaioT obcnyxuBaTb

MYNbTUCEPBUCHLIN Tpaduk B BUAE
nakeToB.

B peaynbrate nogBnseTrcs pe-
anbHasi BO3MOXHOCTb peann3oBaThb
TEJIEKOMMYHUKALMOHHYIO CUCTEMY,
COOTBETCTBYIOLLYIO YPOBHIO pPas3Bu-
TbIX CTPaH.

Btopoe nonoxeHuve (OeHbru)
— 39KOHOMMYeckasas aPpPeKTUBHOCTb
BblIOpaHHOro MNyTu 3BOJOLUK Tene-
KOMMYHUKALMOHHOWN CUCTEMBI B Lie-
nom. [1enNCcTBUTENLHO, Kaxaas HOBagd
ycnyra 6ypetr BocTpeboBaHa cpaB-
HUTENbHO Mason rpynnon noTeHLN-
asibHbIX Nosb3oBarenen. [ing samer-
HOW (4acCTO OOMUHUPYIOLWLENR) YacTu
abOHEHTOB He HYXHbl MPaKTUYecku
HUKakmMe HOBble Buabl ycnyr. 1o aTon
NnpUYMHE NPOAOJIXEHNE 3Kcryarta-
MU He BbipaboTaBLUMX CBOW pecypc
KOOPANHATHbIX CTaHLUUA B TaKOM He
co3fanlyM NoMex AJs pasBuUTusa
ceTn Buae cnenyet cuUuTatb 060C-
HOBaHHbIM pelleHnem. Kctatu, BO
MHOIMX CTpaHax MOLEPHU3aLNsa KO-
OPAMHATHbBIX CTAHLNI CTana BaXHbIM
aTanoM pasBUTUS CUCTEMbI IN1EKT-
pocBsa3u.

B pamkax HAP npoBeneH 3KOHO-
MWYECKUIN aHann3, [0Ka3blBAOLLMIA
3P PeKTUBHOCTb NpegnaraemMblx pe-
LeHu. Bklo4yeHve aToro aHannsa B
COCTaB [JaHHOW CTaTbU HE NMpeacTaB-
NISleTCs BO3MOXHbIM 13-3a 60J1bLLIOro
obbema.

K aTum gBYM MOJSIOXEHUAM MOX-
HO no6aBUTbL elle U NepcrnekTUB-
HOCTb MpennaraeMoro peLueHus,
T. €. COXPaHeHne OCHOBHOW 4acTu
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obopynosaHua MIH 1 nocne non-
HOFO [JeMOHTaxa KoopauHaTHOM
ATC. OcHoBHasi yacTb oBopynoBa-
Hua MIMH npoponxaet padoTatb B
BUAe y3na aboHeHTCKOro goctyna um
MeOuallio30B.

besycnoBHO, paccmaTtpuBaemsbiii
BapVaHT MOLEPHM3ALNM CETU MEC-
THOW TenedOHHOW CBA3U He NuLleH
HepocTaTkoB. OAWH N3 HUX — PUCK,
CBOMCTBEHHbIN N0OOM MHHOBALIN-
OHHOW cTparteruu. icnbitaHns, npo-
BEeLEHHble Ha [OENCTBYIOLLUX KOOP-
ouHaTtHbix ATC, nokasaau, 4To 3TOT
pUCcK pakTNYeCKn CBEAEH K HYJIIO.

TexXHNKO-9KOHOMUWYECKNIA  aHa-
N3, NPOBEAEHHbLIA NMPU BbiNOAHe-
Hum HWP, nokasan, 4TO MOMOXU-
TesbHbIN 2hdEeKT OT peannsaunmn
npenJsylIoXeHHoOro njaHa MOAEPHU-
3aumun aHanoroBbix ATC “nepekpbi-
BaeT” umewwmecs HegoctaTku. lNo-
006HbIM aHanna OblS1 BbIMOJIHEH ANA
cetn MI'TC. Mo aTo NnpnyvHe nony-
YEeHHbIE OLEHKN HEeNb3s HamnpsiMyto
TUPaxXupoBaTb ANA APYrMX MECTHbIX
ceTen. lpaBpa, B nobOomMm crnyvae
CpPOK OKYMaeMoCTU MpoeKTa NexuT
B pa3yMHbIX npeaenax.

0 mofiepHM3aLUnMN CENbCKUX
KoopanHaTHbix ATC

B npouecce BbinonHeHus HUP [2]
CTano SICHO, 4TO 9PPEKTUBHOCTL
npennaraemMbolx peLleHun Hanpsa-
MYIO 3aBUCUT OT YPOBHS LUPPOBU-
3aLMn MecTHOM TenedoHHOM CeTu.
JaHHbIN ypOBEeHb BECbMa BbICOK BO
MHOTruUx roponax Poccuiickon de-
oepaunm, 3aMeTHO HUXE B e€ Mera-
rnonamcax u COBCEM Mas B CEJNIbCKOM
MECTHOCTU.

[Mpn aTOM cenbckue TenedOHHbIE
CeTU B TEYEHME MHOruX NeT pasBu-
Ba/IMCb UCKJIIOYUTESNIbHO Ha 6a3e Ko-
opaunHaTHbIX ATC. CyLLecTBEHHO TO,
4yTO Mexnay cenbckumm ATC yacTo
WCMOJIb3YIOTCS aHasfIoroBble Coenu-
HUTENbHbIE NIVHWK, PEKOHCTPYKLUS
KOTOPbIX CBA3aHa C 04eHb OOAbLLUNMU
VHBECTULNAMMU.

C npyrot CTOpoHbl, HEKOTOPbIE
abOHEHTbI CENbCKUX KOOPAUHATHbIX
ATC yxe rotoBbl onjiaynBaTb HOBblE
Buabl yenyr. Oneparopam cenbCkon
Tene@oHHOW CeTn TakxXe NpPeacTo-
UT Nepexo Ha HOBbIA MaaH Hyme-
pauuun. NMNogobHbie 06CcTOATENLCTBA
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aKTyasM3npywT 3anadyn pekoH-
CTPYKLIMN CEeNbCKUX KOOPAMHATHbIX
ATC nocpenctBOM MeOmMaTopoB.

KoHe4Ho, BO3HWKawias 3agada
CTaHOBUTCS ClIOXHEe 13-3a Heobxo-
ONMOCTU MNouckKa MNpuUeMIeMbIX pe-
LUEHUI MO NCMOSb30BAHUIO AKCTY-
aTUPyEeMbIX JIMHEMHbBIX COOPYXEHUNA.
B cBs31 C 3TUM aHanNm3 peLueHnii ne-
pesoaa B NGN/IMS B npouecce pas-
BUTWNS CEJIbCKOM CBA3U 3aCilyXnBaeT
oTAEeNbHON Nybnmkauun.

3aknioueHue

OrpaHn4YeHHblii 06beM cTaTbn He
NO3BOAUA WSAOXWUTb PAL  BaXKHbIX
acrekToB pPasBUTUS ceTell MecTHOMN
TenedOHHOW CBS3M. B yacTHOCTH, He
3aTPOHYTHbI (HO peLueHbl C MOMOLLbIO
MeamaToOpoB) 3ajayn nepexona K
eanHoMy Homepy 112 ansa Bbixopa K
orneparopamM paboymx MecCT SKCTPEH-
HbIX CNy>X0, 4TO yXe 06CcyXaanoch
Ha cTpaHuuax >XypHana “BecTHuk
cBasun” [4].

ABTOpbI CTaTbM N COTPYOHUKU Ka-
denpbl “CuUcTeMbl  KOMMyTaLUM ©
pacnpenenenust nHdopmaumm” unc-
KpenHe 6naropapat C.B. MBaHosa u
OPYrvx 3a COBMECTHYIO MI0O0TBOP-
Hylo paboTy. Hawia rnybokas npusHa-
TenbHocTb M H.C. Mapaepy 3a camy
NnocTaHOBKY nNpobniemMbl nepexona Ha
3aKpbITbIA NNaH HymMepaLwum B XecT-
KNe CPOKW, CTUMYJIMPOBAaBLUYKD 3TO
uccnenoBaHne, a TakXe 3a BblicKa-
3aHHYI0 UM UOEK COMPsXEeHUs “KOHS
W TpeNeTHOM naHn” ans 6bICTPOro ne-
pexona Ha 3akpbiTbll NAaH Hymepa-
unu, peanuaoBaHHyto B MIMH.
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